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Preface

It is with pleasure that we mske available copies of the
Proceedings of tne Fourth Annual Logistics Conference. We hope that the
four annual logisiics conferences, beginning with & working conference
of limited attendance in 1950, nave served the purposes of stimulating
fundamental and applied research in the field of logistics and
disseminating useful information concerning the role of logistics

in military planning and opertticns.

The Fourth Annual Logistics Conference contained papers of
various security classifications. For the expedition of the distribution
of the Proceedings, and for the convenience of the recipients of copies
thereof, ihe Proceedings have been bound and distributed in four parts.

It is hoped that this procedure will enhance the vaiue of the Conference

pavers ‘o the users,

We express our sincere appreciation of the active collaboration
of extremely busy people in making the Fourth Annual Logistics Conference
a success. We are indebted to the speakers for the interesting and
imporant talks they prepared and deiivered. We thank The George
Wasnington University and the Office of Naval Research for their
assistance in the Conference arrangements. And last, but in no Sense
least, 13 our expression of thanks to all those who attended the

Conference snd whose participation made it worthwhile,

E. W. Cannon
Principal Investigator
Logistics Research Project
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PROGRAM

General Chairman: Dr. Mina Rees
Director, Nathesctical Sciences Division, Office of Favaei Aesearch

Cheirman of 'Practical" 3essions: Rear Admiral Henry B. Bcecles, USN, Retired

Chairman of "Theoretical" 8essions: Professor C-kar Morgenstern
Princeton Jniversisy

Mcnday, 16 “arch 1553
Pianning Problems and Techniques
("Practicai" Session, 1)

wWeleoming Remarks
or. Mina Rees,
Directcr, Nathesatical Sclences Dwvision, Office of Fcval Research

Rear Admiral C. M. Bolster, SN

Chief, Cffice of Farval Research

Dean Martin A. Mason
Phe Cecrge Voshingtcn [niversit,

Introduction to the "Practical' Sessions
Rear Admiral Henry B. Eccles, USN, Retired

1. Fieet logistics
Speaker: Vice Admiral F. C. Denebrink, USN

Corz3nder, Nilitary Sea franspcrtcticon Sarvics

Formal Discussant: Rear Admiral J. E., Maher, USN
Coasander, Service Fovrce stlantic Piast

2. Supply in the Pacific Theater
Sneaver: l:gi'_\t., . P. Lattu, SC, USH
Cossanding Offi-er, Faval Supsrly cepot, Jewscr!, <.7.
Formal Discussant: Capt. J. D. Parks, SC, USk
Service Porce, stlanti: JClas:e

3, Maintenance and Repair in the Fleet
Speaker: Rear Admirai W. D. Leggett, Jr., USN
Deputy Chief, Bureatu o SAhics

Formal Discussant: Rear Admirai W. M. Hague, USN

Cossandant, [ndustrial College c¢? tha
Arsned Forces
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Tuesday, 17 March 1853
Logistics Data Processing
"Practical"” Session, 2)

i. Survey of Modern Methods of Dats Processing
Oor. B. W. Cannon
Principai Investigator, logistics Rescarch Project

2. Data Storage Devices and Techniques
Jacob Rabinow
Jaticnal Bureau of Standaris

3. Digital Input and Output Devices for Automatic Computers
Dr. Nelson M. Blachman
Office of daval Research

4. A Description of the Logistics Computer
Lt. R. J. Rossheim, USNR
Office of Javal Ressarch

5. Ap,licaetions of UNITYAC to Air Force Programming Problems
Er:l Schell

d23d83uartars, Uni:ed States 4{r Porce

6. Application cf CRC Computer L Eurseu of Aeronautics Protlems
C. 0. Larson
Buresy cf AeronoLt 2

7. Applicaticn of the Logistics Computer *o Naval Logistics Problems
J. Jay Wolf

Logivstics Resea  ch Proez!

Wednesday, 1fi March 1953
Dis‘.=ibution Cnitrol
{ "Theoretical Se-sion, i}

Introduction to the "Thecretical® Sessinns
P-ofessor Oskar Morgenstern
Prircelon Fafversity

1. Up:inal Technology for Supply Hanagement
Speaxer: Rear Acwiral Frederick L. Hetter SC, UN
Buragu o7 Supplies and Accounts

roruel Discussant: P, F. Hilbert
Cffice of thé air Compircollar

?. The Lim:ts of Centralizaticn
Sgenker: Dr. T. M. Whitin

Frinccton Infversity

Formal Dicscuscsant: Prof. M. E. Salvesen
Universit: o7 Caitfornia

2
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Estimating Shipping Requirements at Short Pange
Dr. Harry M. Hughes

Oniversity of Cali‘ornia

Optimal Schedulirg in Transportation
Speeker: Dr., I. Heller
Logistics Research Pro;ect

Forrmal Discussant: Martin Shubic
(o!f Papers 3 & 4)

Princeton (Jniversity

Thursday, 19 March 1953
Theory of Games
("Theoretical" Seszion, 2;

The Solution of Games by Benavior Strategies
Speaker: Dr. d. W. Kuhn
B8ryn Nawr College
rormal Discussant: Gerald Thompson
Princeteon Jniversity

Reduction of Games in Extensive form
Speaker: Dr. norman Delkey
fre Rand Corpo-aticn
Formal Discussant: Lloyd Snepley

Princeton Jnivers:ty

Blotto-Type Gares
Speaker: Dr. 2. W. Blackett

Prirnceton Jatversily

Fformal Discussant: Dr. ¥. H. Marlow
Logistics Research Prcjact

Machine Representation of a Symmetric Air War Game
BrigGen L. I. Dsvis, USAF

A{r Research and Developsent (Comaand
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WELOMMING REMARKS
by
The General Chairman, Dr. Mina Rees
Director, Mathematical Sciences Division
Office ol Naval Research

This is the Fourth Annual Logistics Conference sponsored by
the Oifice of Naval Research and The George Wecshington University. The
first of these conferences was planned soon after ONR began its partici-
pation in the development of this relatively new art and soience of
logistics. ‘e feel that one of the special needs is to provide for the
exchange of the ideas and experiences of the diverse groups engaged in
related work, It is in this way that scientific progress has been
achieved across the ages and it is essential that the ideas that are
generated in one group be subjected to the criticism, harsh or otherwise,
of other groups. Thus they will be shaped into a form that may be good
and useful, Those of us who are engaged on the civilian front in work
related to logistics are eager that those of you who have large military
experience should bring your experience and judgment and criticism,
adverse or favorable, tc play upon the ideas which we generate., In this
particular field there are so many groups, military and civilian, wetidng
under the regtriction of rdlitary classification, that the problem
of interchange and criticism is particularly difficult. It is in this
general area that we hope this conference will be effective, The George
Washingten University Project is only one facet of the ONR program in
logistics., This program is concerned both with shori range and with
long range work and there are many other aspects of the program besides
those which are represented at The George Washington University. It is
particularly critical, however, to secure an interchange of judgment
and criticism in the area of the short range program,and it is in this
area that we hope f.0 make progress during the first two days of the
conference. The obverse of the picture is this: there is a need for
some awareness of the rather long-haired work on the part of the practie-
cal worikman. This is so partly because it can provide the research
worker with an orientation in the selection of significant and fruitful
directions for his research; partly because it can facilitate the trans-
lation into use at the very earliest possible time of any useful results
which come out of the research. And so we nope that, although some of
the papers on the last two days may seem a little remote, many of you
will understand and participate in the discussicns. It may be worth
noting that the cpening speaker of the so-called "theoretical" session
will be Admiral Hetter who can hardly be accused of being too far
removed from the scene of operations. The first two days are devoted to
the so-called P"practical™ session and deal with planning problems and
techniques and with logistics data processing. 1 am sure that you are
all aware that the new Logistics Camputer has just been delivered and
will be on disglgy dwring the conference. The second twn days are de-
voted to the "theoretical" session and the topics will be distribution
control and the theory of games. Before we proceed with our program, I
am privileged to introduce representatives of the two organizations spon=-
soring this oonference so that they may bring you greetings from their
organizations, Rear Admiral Bolster, Chief of Naval Research, has been
associated W th the ONR Logistice Program since its inception and has
given us support at every turn. I am particularly happy and privileged
to present Admiral Bolster,




WELCOMING REMARKS

by
Rear Admiral C, M. Bolster, USN
Chief of Naval Research

Ladies and Gentlemen:

It is certainly an ingspiration to all of us to see such a fine
group here this moming and particularly to note that there is such a
strong representation fram the personnel of the Army, Navy and Air Force,
As Dr. Rees has told you, we have been working very hard for a long time
on this general problem of logistics, particularly that of bringing the
many contributions of mathematics and science to bear in order to arrive
at a more effective method of handling such problems., We have spent
many hours both on the thsoretical and practical side of this problen,
since we all are cxtremely anxious to make a real contribution to the
users of logistics services,

I want to welcame all of you and to thank you for coming here
this morning, for your presence will help greatly in making this Sympomium
a success, It is through the efforts of you pecglic, mar of whom I know
from personal knowledge are extremely busy with other tanings, that we
achieve the understanding and progress so necessary for this effort. We
appreciatc the effort of those who have prepared pepers which will be
presented here, We also wish to express our thanks to those who have
taken the time to prepare formal comments, For example, I hava been
working with Admiral Leggett on a special board, and I frankly do not see
how he has had time to prepare his paper, On the other hand, I have been
told that it is going to be a very fine paper which we are very grateful
to have him present, As you look at the list of p pers and speakers here
today, you are struck by the wide variety of expe..ence and background
which they represent, For the first time, I believe we will be getting
a lot of the flavor of real operating experience, and as Dr, Rees has
raid, the thing that makes such a project really successful is tec be sure
that it reflects the true needs of the services and not merely same
theoretical problen,

As I said earlier, this project has been under way some time,
and we have all looked forward to the period when we would have a com-
puter available with which we could test same of the theories being
developed, This computecr {5 here in Washington now, and we are ecagerly
anticipating the demonstrations that will be possible on it, to see just
how it will really solve the problems when you feed the right rumbers
into it, I, personally, have gr.at confidence that it will do all the
things claimed for it, simply because of my belief and great confidence
in the peoplc doing the work. Certainly, we couldn't have a finer group
of people than those who have been working on this project and on the
computer,

I want again to welcome you and to say that we in ONR are
extremoly proud to participate in this joint effcrt with you,



WELCOMING REMARKS
by
Dean Martin A, Mason
The George Washington University

Doctor Rees, ladies and gentlemen:

One of the pleasant things that a Dean has to Jdo is f{rom time
to time to tring wordsof welcome from hic University to those people
whom the University serves, 1 was particularly happy to have tiis
opportumity given to me to greet you people and make you welcome so far
as I can, first because the University fami)y has a deep and appreciative
inter2st in the problems of supply or logistics, amd secondly because I
have had in my professional career some experience with logistics, insofar
as it applies to military operations.

I have the feeling that there are three elementcs which charac-
terize modern logistics., One might be called the trappings (those things
that are luxuries in combat), and one might be called impedimenta (those
things someone thinks ure necessary); and the last 1s that body of
recespary things vital to the success of a military operation, A few
ronths ago I had occasion to talk to an underwater swimmer, a member of
a Navy underwater demolitior team, and I asked him what he really needed
in order to do his job. It did not take him long to figure out the
answer, and he did not take mamy words to tell me the answer, He just
said, "Air, guts, and a gismo,"

viow this probably reduces the logistics problem to its simnlest
terms, but these were terms which I, as an engineer, could understand, It
appeared to me that Lif logistics problems could be solved with as ruch
simplicity as this hardy charectc: brought to his nroblem, perhaps there
would not be quite so much need for computers, and meney, and the large
assembly of brains and talent thct we have here.,

So 1 like to think of logistics then, in tems of "air, guts
ard a giasmo.,’ I don't know all that you are concermed with, but I am
sure that you are going to put the problens and solutions that you have
to work with in much more elegant language. 1 doudbt if ther can be any
clearer than those of the underwater swimer,

The University, as I have indicated, is hanpy, of course, to
participate in the attack on the difficuld problems of logistics, At
the nresent time many people wonder what Unuversities are reclly for,
whether they are havens for Commnii.s, or a place where long-haired
people can be given the necessary where-with-all to contimue to have
beans and bread at least once a week, or whether they really do develop
new knowladge an’ try to disseminate that knowledge., We have a strong
feeling, of course, in our University, as everv other university has,
that we arc trying to develop in knowledge, and to disseminate it. The
field of study of logistics appears to us to offer considerable opper-
tunity for the develcpment of new knowledge. Certainly, all of you people
know that the knowlcdge that exists needs to be disseminated somewhat
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better., We feel this is truly an effort in which a university might
well cooperate,

\le are pleased indeed, therefore, for this opnortunity to
Join with the Office of Naval Research in working on a relatively
important problem,

Our interest, as one of your joint hosts, is to see that you
are comfortable, and thut you feel you are among friends. You probably
won't after you have been here a few days; but that is simply the atmos-
phere in Washington,

V. are grateful to the General Services Administration for
making available to us this more comfortable auditorium than the austere
classrooms and facilities that we would have had at the Uriversity,

Let me state again the pleasure of the University in welcoming
you to this Conlerence, and our great appreciation to the Office of Naval
Research for asking us to join in such a conference,

-2-
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INTECBUCTION 70 THE "FRACTICAL" SESSIONS
by
Rear Admiral Benrv E. Eccles, 1ISN Retired

l. The major problem facing the United States today is that of main-
tainlng our Watlonal Security without resorting to rapid wuon. In
order to do this we must develop atrong, adequately support,combat forces,
at a minimum cost. This overall problem resclves itself into several
rola ted lesser protlems:

A. The seiection of weapons and weapors systems most suitable
for attaining National Security and our Natlonal Objectlives.

Be The datermlnation of how these weapons and weapons systems
can best be employed to attaln these objectlves,

C. 'he manner in which these weapons systems should be organ-
lzed; that is to say the command r:lations that should be established
in the Combat Forces.

V. The determinatlon of how the forces employing these weapons
can be most effectively supported.

E. The determination of how best tc provide for the overall
command and departmerital administration of these forcea.

2. In considerling these prodblems we find many strong differences of
opinion end certain startling paradoxes.

A, The differences of opinion largely stem frcm differences
in basic phllcsophy ol war, strategy, and the eployment of weapons and
forces, However, these differences are greatly zggravated and made
urgent ts the problem of the Budget - "The Battle for the Dollar", =
which la a Logistics Problem,

B. The most startling parador is found In the fact that the
slogan of "business efficlency" is being lnvoked by persons advocating
adninistrative practices which are contrary to the trend in our major
businesses. At a time when some authcrities are emphasizing the evlils
of overcentrallization in Govermnent in general, and when others consider
that many of our military deficlencles stem from overcentralization,
there arise.. a demand for still greater centrallization. All the whlle
large companies are tending toward decentrallzation in thelir management.

3. The differences In military phllosophy we shculd accept and work out
in our tradltional manner by patient study and education. The paradoxes
and contradietions of the demand for more centralizaticn stem fycm a
superficlal approach to the problem and from lmpatience.

be The size of any enterprise can be roughly ineasured by the number of
its employees and its gross income. In 1951 General hotors, General
Electric, American Telephone and Telegraph and U. S. Steel employed a
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total of about 1,630,000 persons. T[heir combined gross incoms was about
816,935,000,000,

In Flscal year 1953 the U. S. Armed Forces were composed of a
total of about 4,825,000 persons, both milltary and civilian, and they
had a budget of about ¥L8,600,000,000, That Is to say they were about
three times the size of the four industrial glants combined. In fact
the Navy alone, witn its 1,500,000 personnel and $13,170,000,000 budget,
is about the same slzc as this hypothetical industrial combination.

Now, granted that statlistics can be very misleading, never-
theless these figures do give us, in terms of well known industrial
concerns, the order ot magnitude of the probiem of nilitary inanagauent.

Se I presume that if we attempted a corporate consolidation of General
Motors, General Elsctric, American Tel and Tel, and U, S, Steel, and
then inslisted that the budget for 1954 be submitted by each divislion of
tlie combined co.pany before its budget for 1953 had been established by
the five hundred man Board of Directors, ther: might be some areas cf
imperfection, and the stockholders might becone impatient. Some might
even say thut such a corporation ls unmanageable in a democracye.

6. And yet the problem of creating, employing, and supporting our combat
forces must be managed, and managed with efficiency. The application

of sound principles of Loglstics and of Logistlcs planning enters into
every one of the problems mentioned. In scme instances it iIs the vital
element. And yet these vital principles have not yet been adequately
formulated, let alone applied. Therefore, for the overall problem to

be colved, there must be patlent, continuing study and research. But
first the problem must be seen in its whole Lmense size; and the rela-
tionships that exist among t*e various parts of the problem must be
understoode

7« The logistics aspects arc thenselves so great that in this confer-
ence we can conslder only certain portions. Afte:r stating several of
them, we will discuss certain tools that we hope may be useful in their
solution, Gradually, by clear statement, and by patient discussion,
our understanding may be increased. Much of what wilil be sald during
these next four dgys will deal with new ldeas, and with the development
nf theorys This is, of course, the purpose of our meeting and vur cnly
liope for continued progress. However, these ideas must be based on an
understanding of the facts of life,

8. Because of ourgreat preoccupation with what happens in Washington,
there may be a tandency to forget that our Logistical Establlshnent has,
as its sole purpose, the support of the Combat Commander. We can nake
many minor mistakes and readily absorb them; but if we ever torget the
point of view of command in the fleld, we will make & major mistake that

can be fatal.

e
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INTRODUCTION TO THE "PRACTICAL" SESSIONS

9. And so today we will opsn our conference by a discussion of the
problem of the support of the Naval Aspects of the Korean fighting.
From 194 - 1950, Vice Admiral F. C. Denebrink was engagecd in various
logistical tasks in the Pacific and in Washington. From 1950 to

Nov. 1952 as Cormander Service Force U. 3. Pacific Fleet he was charged
with ths Logistic support of all Naval Forces in the Paclific Ocean,.

He is now Commander of the hilitary Sea Transportation Service. With
thls background he is particularly well suited to discuss "Fleet Loglstiof'
from the working point of view--the point of view that we must never

forget, I t'ke great pleasure in introducling Vice Admiral Francls C.
Deneb!‘.Lnk, Us S. Navy.



SURVEY OF MODERN METHQDS OF DATA PROCESSING
y
Dr, E. W. Cunniviny raincipal Irvestigator
Loglstics Research Project

By moderrnn methods we mean the applicaticn of the auto-
matic, electronic digital computing devices developed dur-
ing the last decade. Data processing 1s the maripulation
of large quantities of data with the performance of a
limited amount of computing on each item. A survey of the
use of the new computers in data processing 1s quite reveal-
ing. The main result is the uncovering of the fact that
this appllication has been given too little attenticn.

Suppose we dwell for a while on the development of the
modern, electronic computer. This device has‘been popular-
ized far beyond its capabilities, It has been widely
herzlded as a glant, automatic drain which will readily
provide the answers to the knottiest problems in all fields
of human endeavor. In truth, it is merely an extremely
fast computing device, capable of doing the elementary opera-
tions of arithmetic thousands of times faster than tne
human beings who direct 1t. It will function properly, more -
over, only in response to minutely detailed sequences of
commands prepared for specific problems by the human
operator,

The electronic computer 13 another step in the evolu-
tion of fast, mechanized computers, a concept which cer-
tainly did not originate with this generation. We are all
acquainted with punched-card computing equipment, and its

far-reaching applicaticn in accounting. This kind of dipgital

-1-
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computing sgulipiient has also been used for scme years

in so-called scilentific computing (or general purpose use),
for solving problems in the filelds of engineering, rhysices,
chemistry, and the scclal sclences, Purched card equipment
vias invented atout fifty yeers aro by ilollerlth, ithen worg-
ing at the Burea.a of Cancus,

The idea of developingg cmputers to solve prouvlems auto-
matically in the flel<s of nire and annllied mathemctics 1s
much older, however, (our Jie Hollievit nacn'iery. At least
as early as 1830, rore than 120 years ago, Ciherles Babbage,
an English mathematlcian, was struggling unsuccessfully to
obtain satisfactory performance on a Government contract ror
“he constructlion of his Difference Engine. Vork on the
.1Iference Engine was carried cn for many yvears, but ths de-
vice was ncver fully completed., A4 comment of Babbuge, who
had demonstrated the principles of his device by a small model
:as prophetic; to quote "But when I understood {t to be ths
®ish of the Sovernment that a larger engine should be con-
structed, a very serious question presented itself for con-
sideration, namely: 1Is the present state of the art of mak-
ing machinery sufficiently advanced to enable me to execute
the multiplied and highly complicated movements required for
the Difference Engine?"

In 1834, Babbapge had a brighter vision, the Analytical

llachine, a device to do not only everything vhich the Difference

Fnapine promiaed, but also to execute every kind of analytical
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operation indicated by formulas. Again, however, the in-
ventor's i1deas were too demanding of the tooling industry
of his day, and his Government support was withdrawn long
vefore the completion of the machine.

It is important tc note (1) that the designs of
Babbage were sound; (2) that in his day the capability of
industry to construct mechanical devices waz Severely limited,
and (3) that there was no electric circuit theory in his
time. In fact, Faraday was only then performing his funda-
mental experiments on the inducticn of electric currents by
motion of a conductor through a magnetic field -- the experi-
ments which were the forerunners of the invention of the
electric generator.

We mentioned the birth of punched card computing
machinery. The ncxt significant step in the evolution of
digital computers came much later, in i9&C, with the com-
pletion of the Becll Telephone Laboratories' Complex Computer.
In 1938, the use o. telephone relays and teletype apparatus
for numerical computation had been suggested by Dr. George
Stibitz, then a research mathematician with the labora-
tories. The resulting computer was operated from a keyboard
to add, subtract, multiply and divide complex numbcrs, both
the sriginal numbers and the results being printed on a
teletype printer.

The Complex Computer was demonstratecd, by remote con-

trcl, at a meeting of the American Mathematical Soclety in

~3-
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the Fall of 1940. The keyboard device and a teletypewriter
ffor recording answers were installed irn the auditorium of
Dartmouthh College, where the Soclety was mreting, and were
connected to the relay computer in New York City by a tele-
phone circuit. Those attending the demonstration placed

their own test problems on the keybcard at Hanover, New Haven.
The Computer in New York City made the computation and con-
trolled the printing of the answer on the typewriter at Hanover.
The complete operation required about one minute, {rom typing
of the problem to receipt of the answer. This demonstration
1s of interest as the first practical demonstration of the
J2acibility of the remote control of automatic, digital com-
waters.

The Complex Computer was followe? by several successful
relcy computers, btoth special purpose and general purpose
machines. The International Business Machines Corporation
ind Professor Howard H. Aiken, of Harvard University, placed
“he first of the large-scale, high-speed, dlgital calculators
in operation in 1944, This machine, called the Harvard Mark I,
is arelay computer, performing the basic operations of
arithmetic and the loglical operat.ons essential for automatic
scquencing by the use of relays, having a small number of re-
lay storage registers, and having built in the additional
operations of taking the logarithm, evaluating the sine of an
angle and the exponential of x to base 1C. Thne machine

has IBM card input, and the results of a computation can be

-4-
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recorded by either or both of two output devices, IBM electro-
magnetic typewriters or an IBM punch.

Next, following a sequence of more or less special-
purpose digital computers, designed essentially to handle fire-
control computing, and several kinds of problems connected with
the testing of fire control equipment, the Bell Telephone Lab-
oratories delivered in 1946 and 1947 two large-scale relay com-
puter systems, one to the National Advisory Committece on Aero-
nautics at Langley rield, Virginia, and the other to the Ballis-
tics Research Laboratory at Aberdeen, Maryland. Each of these
giant devices has 9,000 relays and 55 pleces of teletype equlp-
ment. Each embraces a system of ccmputers which can be operated
together or independently. There may be as many as six com-
puters and ten problem positions. As one computer completes
the problem on its associated problem position, it autcomati-
cally picks up a waiting problem position.

Built into the computer arc the functions of evaluat-
ing logarithms, sines, cosines, and anti-tangents. Included
also is the floating decimal point (the computer autcmatically
takes care of the scaling of numbers to keep them within the
capacity of its registers), multiplication by short-cut addi-
tion, automatic rounding off of results, the basic arithmetic
operations and rather elaborate discriminatory (or logical)
controls. The system has elaborate self-checking features,
and i{s capable because of this fact and the problem-selection

characteristic, of effective unattended operation. Systemwise,
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the Bell Computer Systems were a marked advancement in the
art of computer development.

“he remaining cf the giant, automatically-sequenced re-
lay digital computers were the Harvard Mark 1I, designed ard
constructed by the Harvard Computation Latoratory, and a Bell
Laboratories' mocel VI., which was a reflinement cf the System
we have just descrived.

All these relay coarmputers of the large-scale, automatic
digital variety are still in use. Systemwise they are fully
the equals of the neiter electronic devices. Any problem which
can be solved on the electronic computers can also be solved
on the relay computers, although usually at a much slower rate.
Moreover, the latter are fully automatic, as effectively so as
the electronic counterparts. They represent a highly satis-
factory state of the development of high-speed, largec-scale
computers usiﬂgmm)aratus. The only rcason that
they have nct Been dubtbed giantjbrains is probably that the
relay is more comprehensible to us than is the vacuum tube.

These relay computers have in commcn several interesting
features. First, they are all automatically sequenced vy
decks of punched tapes, which may Le preparred at the conven-
ience, with respect to time and place, of the mathematicians
translating the problem into suitable form for machine solution.
Second, they all have so-called internal memory, that is, storage
reglisters matched in reference or access time to the computa-

tional speed of the arithmetic speed of the machine. Third,

--




»3

SURVEY OF MODERY HETHODS OF DATA PROCTSSING

they all incorpcrate sufriclient control featurec,
including the e>ercice of limited chclce d:cisions,
t< make trhem fully autumatic. And fourth, they lend
themselves readily to the inclusion of self-checking
features in their design.

By contrast, the {irst large-scale electronic digital
computer, the ENIAC (Electronic Numerical Integrator and Cal-
culator) was a step backward in many directions. This device,
conceived by a theoretical physicist, LUr. John V¥W. Mauchly,
was decigned and bullt in the Moore School of Electrical En-
gineering of the University of Pennsylvania for the Ordnance
Department of the United States Army.

The ENIAC was essentinlly a special-purpose computer,
designed for the purpose of calculating tabular data, such
as firing tables. It was very effeciive in this kind of
calculation. It performed numerical operations very fast,
av the rate of 5,000 additions or subtractions of ten decli-
mal-digit nunbers in a second, or over three hundred multi-
plications of such numbers to give 20-digit products in ihe
same time. It was a mammoth machine, weighing approximately
twenty tons, and contalinlng about eighteen thousand vacuum
tubes, Yet it was unbalanced, combining extremely fast
arithmetic opes,ations with long and tedious set up time for
problems, and extremely limited internal storage. The range
ol problema that could be solved on Lt was severely limited.

Moreover, tihe necessity of nandling hundreds of patch-cords
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and switches to set up the machine for a problem, and the
fact that the nature of the computer precluded the intelli-
gent onlooking of the scientist 2s his problem was being
solved, tended to l1imit the expeditious use of the machine
as a general-purpose computer.

The very engineers who designed and constructed the ENIAC
were thinking longingly of more flexible computers even before
its completion. Moreover, even the mcst rabid proponents of
relay ccemputers eventually were captivated by the potential
of ultra-fast computing devices, and joined in the effort tc
develop more flexible, and more easily operated electronic
digital computers than the ENIAC. The result of this concerted
effort was the introduction of the era of the modern, large-
scale, electronic digital computer.

Thls computer, in its ideal form, combines the computa-
tional speed of an ENIAC with the desirable features of thne
large-scale relay computers. Its functioning is based on the
manipulation of electrical pulses, as in the ENIAC, and its
arithmetic speed therefore bcrders on the fantastic. t is
sequenced by coded instructions, which may enter it inter-
spersed with numerical data, on the same input tape, or in
the same deck of cards. 1t consists of four main parts, an
input-output device, arithmetic unit, control or sequencing
unit, and a storage unit. It 1s preponderantly an electonic
machine, containing a minimum of relays and moving parts,

The first wave of thesc 1ew computers has, as one would

-8-
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expect, an experimental nature. There have been almost as
many {deas trted out with respect to the design of the
arithmetic, control and storage units as there have been
development groups in the field. To mention a few of the
ma jor design ifferences: some arithmetic units add numbers
digit by iliglt, serially in time, and are called serial
others operate cn ali the digits in parallel, at tne same
instant, and are said to be parallel units. Some computers
operatc ecsentlially cyclically, the time of each operation
belng an intepral multiple of & basis cycle: others are
purely acyclical, at the end of each operation a signal
veinrg produced tc cause the next operation to begin. Some
cemputers are capable of simultaneous computing and operation
of the 1nput-output device, while cthers are so designed that
the arithmeti: unit must stop vhen the iInput or the cutput
unit is energized. Then agaln some internal storage units
are electro-mapgnettic, some are eicctrostatic, and some are
even acoustical devices, FElectromagnetic storage is storage
on a magnetic drum, electrostatic storage 1s storage on the
face of a small television-type cathode ray tube, and
acouvctical storage is storage in the form of sound waves
travelling along carefully controlled paths, with regenera-
tion as long 45 nceded.

As to the input-cutput devices 1n use, although they
have not reccived the development emphasis that has been

accorded the central electronis elemcont, they agaln are not
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cast from the sare mold. We find punched cards, punched pa-
per tape, megnetic wire and magnetic tope in use as a mediunm
for communication btetitcen onerator and machine, with a
corresponding variety of auxiliary input-output devices,.

The input-output units have frequently been somewhat male-
shift in nature, the ri2scn being concentration nn the utility
of the amazing new computers on problems calling for a high
ratio of computing per item of data. Many very important
problems of this type have been solvel on ccmputers ol very
limited terminal equiprent. 1In fact, during vWorid var II,
certain key problems of the Manhattan Project were success-
fully soived on the ENIAC in atout three months (cf which about
three weeks were actually computing time) whichn could not have
been solved in less than a year on any other existing comput-
ing oquipment, The effect of such exploits has been a con-
tinuing emphasis on the development of powerful computing
elements, with relegation to the background of serious interest
in any terminal equipment involving mechanical design.

There has been, moreover, until recently, a blissful dis-
regard of the existence of extremely important problems at the
other end of the spectrum from the exciting scientific prob-
lems. The data processing, or data handling -- the mass per-
formance of small bits of repetitive computing -- 18 at the
same time less glamorous and more difficult in many respects
than the more complicated applications of the large computers.

Nevertheless, data pro essing is extremely important -- 1its

o2
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value 18 nut tc be measured in terms of the demand it makes
upcn Lhe arithmetic unit of an electronic computer.

The first commercial design aimed professedly at this
application, quantity production of small bits of computing,
was a product ol the Eckert-Mauchly Computer Corporation.
The Eckert-Mauchly machine, the UNIVAC, is essentially an
all-purpose computer, intended, however, to compete with
general-purpose scientific computers and also with account-
ing-tvpe, data-processing devices. It is an acoustic stor-
age (1000 item capacity), serial, tape-sequenced electronic
computer, of 12 decimal digit precision. Its capacity for
data processing, for computing demanding high performance of
input-output unit, is arranged for by the use of up to 10
magnetic-tape handling devices, which can be used inter-
changeably for input or output purposes, and any one of
wnich may be operated concurrently with the performance of
computing.

While the UNIVAC K now manufactured by the Eckert-
Mauchly Division cf thc Remington-Rand Corporation, is among
the more reliable automatic, electronic computers, it is not
the complete answer to the requirements of data processing.
For one thing, the small internal storage, 1000-item capaec-
ity, must ccntain at the same time raw data. partial results,
and coded instructions. The magnetic tape units receive a
quite thorough work-out, especially 1in starting and stopping

precisely, in duita processing operation. Unfortunately,
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these units are probably the least reliable component of
the UNIVAC system.

Then again, for predominantly data handling applications,
the UNIVAC is unbalanced. 1Its all-purpose computing [eatures
and complicated control unit are not required, and they only
add to the cost of keeping the computer in operation. What
about. the other large-scale electronic computers in use?
Which of them are suitable for the modest kind of computing
we are concerned witnh -- that occurring in accounting, in pro-
duction planning, irn inventory studies, and the 1like?

ie have pointed out that the original stimulus of the
great development in automatic, electronic, digital computers
which has occurred during the last decade has been the desire
to solve problems standing at the frontiers cf scientific ard
englneering knowledge. One has no reason to expect that the
computcrs developed would turn out to be economical and
efficient for other uses. t 13 true that, in general, these
computers are not economical, and in many instances not
practicable, for use in data processing.

We m.v divide the requirements for data processing equip-
ment into two groups: functional requirements and performance
requirements. As functional requirements, we list (1) High-
speed, controllable, input devices capable of handling data
in hupe volume expediticusly; (2) Large internal storage
capacity (thousands of items). (3) Arithmetic capacity suffi-

cicent for, but not greatly in excess of the computing needs;
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and (4) High-speed output devices, jincluding printers.

The performance requirements are (1} accuracy; (2)
freedom from break-down: {3) easc cf repair and maintenance,
(4) ease of operation; and (5) case of problem preparation,
or ease of programming, in computer jargon. These factors
might well turn out to be the dnminating figures of merit in
tne comparison of machines of coupuable computational
potential.

Of the functional requirements, (1) and (4), concerning
input-output devices and high-snced rrinters, have to do with
terminal equipment which is nct an integral part of the
electronic computer. Fortunately, almcct all electronic
computers have sufficient built-in flexibility to provide fa
converision to improved forms8 of this terminal equipment,
should they apoear.,

There is considerable development underway here, par-
ticularly with respect to hign-speed printing devices., as Dr.
lielson Blachman will point out later.

Functional requirement (2) -- large internal storage
capacity -- 1s realizable by means cf the magnetic drum,
wnich is a rugged, reliable storage medium. Morecver, this
phase of computer design 1s attracting the interest of cap-
able development groups, and there may be revolutionary ad-
vances here in the near future, Mr. Rabinow will tell us
of some of the activity in the following talk. The remaining
functional requirement, which I have stipulated, is easily

taken care of -- it 1s merely a matter of destign philosophy,
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and not a matter of technjcal difficulty, to manulacture an
arithmetic unit tailored to the computational needs of the
problems, All in all, the functional requirements appear to

pose no obstacle tc the development of electronic-digital

computers sultable for a varlety of data processing applications.

The situation with respect to the performance require-
ments is quite different, I think, It is sufficient to con-
sider only items (1), (2), and (3) accuracy, freedom from
breakdovin, and ease of repair and maintenance,

For data processing does not lend itself to programmed,
or mathematical checks of accuracy -- in this respect 1t is
very unlike the scientific problem., It therefore cails for
a much lower incidence of error of computing equipment than
does the latter., Considering only electronic, digital com-
pruters which have been in actual use long enough for evalua-
tion in this regard, the picture could be more favorable.
There are tceveral of these computers in use which would prop-
agate errors at an intolerable rate if the computed results
were not being constantly verified by programmed checks.
These computers obviously could not be used for data pro-
cessinge.

There 1s, fortunately for us, & definite trend toward
the development of more accurate computers, a trend vhich 1is
exemplified, in two directions, in computers developed under
military sponsorship. One computer, the RAYPAC, designed

and constructed by the Raytheon Manufacturing Company for the
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Bureau of Aeronautics, with the support of the Alr Materiel
Command, USAF, carries out in 1its desipn a rather complete
checking system. Check computations, similar to the familiar
casting out of 9°3, parallels all computer operations, in-
cluding trarsfers of information within the machine as well
as the actual arithmetical or logical operations. Dis-
crepancy between coded information within the computer at
any point and the check performed for that point stops the
computer and causes error indication. The RAYDAC has not
been in operation long enough for a certain evaluation cf
its accuracy, but the checking system promises to reduce un-
detected errors to an insignificant number.

The other computer, the WHIRLWIND I, is an experimental
computer developed at the Massachusetts Institute of Technol-
Ogy, under the support of the Special Devices Center, USN,
and the Office of Naval Research. This computer does not
have automatic checking, but rather, has been designed with
careful attention to the installation of facilities for
effective preventive maintenance. The various blocks of
circuitry in the computer can be operated undcr conditions
which would tend to acrelerate failure, such as lcw voltages
on the heaters of the vacuum tubes, wrong voltages to the
grics of those tubes, and abnormal line voltages. 1If errors
occur under the abnormal testing conditions. their causes
are isolated und remedial action taken. It has been found

that following a test period of this kind, called marginal
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testing, the ccrm>yuter can be reiied upon for error-free oper-
ation for an extended period, usually of sSeveral hours.

We should mention also that the UNIVAC has built-in check-
ing features. 1In it the steps of arithmetic are performed by
two arithmetic units, and the results checked for agreement
before the beginning of the next step. Lack of agreement in-
dicates a failure of one or both arithmetic units, and causes
stoppage of the computer and the turning on of an error-indicat-
ing light. Transfers of information from one part of the com-
puter to another are checked by an odd-even check, which
effectively reduces the undetected errors caused by faulty
transfers.

The incorporation of automatic sclf-checking features 1n
computers and the use of marginal checking techniques are a
stcp in Une dircction of making computers perform more accurately.
However, the really basic step which should always occur same-
where bhefore the production of working models of complicated
equipment, namely the exercise of prudence in the choice of
design tolerances cannot be overemphasized. An outstanding
example of the effect of conservatism in design and, possibly
marginal checking, on the performance of an automatic, elec-
tronic computer is the Engineering Research Associates 1101.

In the 1101, all components are operated well within man-
ufacturers’ ratings. Maximum vacuum tube dissipation is
limited to fifty per cent of rating. Resistor dissipation is
1imited to less than thirty-five per cent of rating. Crystal

diodes, with few exceptions, are not subjected to inverse
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voltages greater than half the manufacturers' rating, nor
are they required to conduct direct currents greater than
fifty per cent of the ratings.

The reflection in the performance is the following:
The cumputer was delivered in December, 1950, and only eight
days later was installed, tested, and ready for operation.
Maintenance personnel assigned to the machine were supplied
by the customer, and were not under the manufacturer's super-
vision. Only two of them had scen the equipment before 1its
delivery to the customer. For the first 4,500 hours the
machine was turned on, it was available operationally for
eighty-six per cent of the time. Of the remaining fourteen
per cent, ten per cent was used in scheduled preventive
maintenance and marginal checking. Only four per cent of
the total time on, therefore, was spent in unscheduled main-
tenance in the remedying of the causes of machine errors.
This 1s the kind of performance record every manufacturer
of large-scale computing machinery, whether it be designec
for geneiral-purpose use or data processing, should aim for.

We return now to the requirements of reasonable free-
dom from breakdown and ease of repailr. DBecause of acceler-
ated design and construction schedules and a somewhat mad
scramble for higher and higher computational speeds, these
requirements have been sometimes disregarded in the manu-
facture of general-purpose computers. It has been the excep-

tion rather than the rule that one could count on a few hours
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of computation uninterrupted by errors. Mcreover, computers
have been constructed often in the small laboratory environment,
and considered a laboratcry tconl, with no need for serious
attention to designing so as to facilitate quick repair of
breakdowns .,

In such computers one {irds very rew Div-in, cenlace-
able parts, so that the computer is out of operatior for the
duration of circult repairs. In scrme computers g:rastics
are required for the simple cp>retlion «f remcving for teat,
or replacing a single vacuum tube, VYhere it is desirable,
even essential, to keep the computer in productive operation
a maximum of the time, and where it is essential to have
low operaiiun and mailntenance cost this prototype of design
will .ot do.

The greatest impulse in the direction of reliable,
easily serviced computers will probably come from the competl -
tive market for the data-processing kind of device. 1In fact,
this competition has already produced a noticeable emphasis
on the design of computers for inventcry cortrol in chain
mail-order, retail houses, like Sears Roecbuck and Company, and
there 1s in ovidense a siusere Interest in the potontial use in
production control of modest-scale computers, which are not
too difricult to use and keep in service.

You will have observed, long before this time, that
this survey 13 a consideration of the sultability {or data-

processing of electronic computers designed for other uses

-18-



SURVEY OF IMCDERN METHODS OF DATA PROCESSING

rather than a survey of existing data-processing systems.
We had nc choice in this matter. There simply are not yet
in use such systems based on modern, electronic computers.
In fact, the only specially-designed data-processing system
I know of, intended to serve as a proving grourd for the de-
termination of the utility of modern electronic computing
in the mass handling of data, 1s the Logistics Computer,
which has recently been delivered to the Logistics Research
Project. This computer was cor.structed ty the ctngineering
Research Division of Remington Rand, Incorporated, under the
sponsorship of the Office of Naval Research, and it is the
computer which will be on display and demonstrated, accord-
irg to your wishes, beginning tomorrow mornlng.

Since the logistics Computer will be discussed in
talks by Lieutenant Robert Rossheim, USNR, and Mr. J. Jay
Wolf, which are to be given later today, I shall content
myself with saying that the research performed in conjunc-
tion with 1t will serve a double purpose. We shall try to
use it to assist in the devising and testing of new logistics
procedures, and we are interested also in evaluating the
design of the computer. 1In this evaluation we shall be
testing the computer from bnth the functionzl and performance
standpoints we have used before. The functional evaluation
will test the foresight of thore who ccllaborated con the
logical design of the computer; the performance evaluation, on
the otier hand, will indicate, we hope, the practicability of
electronic digital data processors, particularly in the {icld

o' naval logistics.
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DATA STORAGE DEVICES AND TECHNINUES
oY
Jacob Rabinow
National Bureau of Standards

I would like to make some comments on Dr. Carncn's
talk. As a working engineer I am sure that most of the
troubles he ascribes to "unconservative' design werc geally
due to the newness of the machines. Making machines "con-
servatively’ has its difficulties too. If you make an air-
plane conservatively, it simply will not fly. Thlis 18 true
also in electronics. One cannot use vacuum tubes at a
fraction of their rating. Tubes that are too large for the
Job have too much capacity and have other difficulties.

Engineers do not deliberately make flimsy machines,
and I know the computer people well enough to know that they
thought they were doing a conservative Jjob. Experience 13
the only thing that can tell you what 1s and what 1isn't
conservative.

Competition of course, 1s very good in this
business. There 18 no doubt that the Government spends
millions of dollars for data processing machinery, and as
the Government proves that its machines can work, more and
more people of industry will enter this field. There is no
doubt that many of these people will eventually say that
the original machines were quite stupid, and we who work on
them also think they are quite stupid. I have been in
Ordnance for a lcng time, some twelve yeers, and always, as
I look back on ¢ design of a mechanism done some five years
before, I wonder why I did it that way. Five years from
now Wwe will be looking ktack at the present designs of com-
puting machinery and thinking this same thing. In any
case, I hope so.

Now for the information storage devices. Thney can
be classified in many ways. Pernaps the best way to
classify the storage mechanism is by the type of things
they store, and there are two types of information which
one can discuss when one discusses recording memories.

One 13 the type of informatlion that must be preserved in
facsimile. The signature on checks is such an item, as are
meps, etc. These things must be photographed, and they

are usually preserved in Microfile. Microfile, of course,
is a trade name for a very fine process. The unfortunate
thing about Microfile 1s that the original design of Micro-
file equipment did not anticipate mechanical handling.

Thus most Microfile equipment, with the few exceptions I
shall mention, requires hand-searching, and while Microfile
gives you perhaps the greatest compactness of information,
some poor clerk, usually a girl who is stuck with these
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jobs, has to sit and crank a knob or a dial until she
gets thc right bit of information out of storage.

The notable exception is the Rapid Selector,
built by the Engineering Research Associates, now a sub-
sidiary of Remington Rand. 1t is a machine rz-invented
by Dr. Vannevar Bush -- I say re-invented because someone
of the Zeiss works in Germary invented it many years be-
fore, but apparently no model was ever built. 1In this
Rapid Selector, information is stored in photographic form
on 35 mm film. One-half of the width of the film i3 re-
served for photographs of thc documents onc searches for,
The other side of the film is reserved for a code of black
and white dots. This code can be used to recognize the data
in the documents by an optical coincidence device. The
machine searches the data very rapidly. It searches at 300
frames per second, and in some four minutes one can search
roughly 100,000 items of information. Whenever the particu-
lar code coincides with the card that one places into the
machine, the machine says, "Bingo!" and copies the document.
It does this "on the fly" without stopping the main film.

The photographs are taken in an exposure of two
microseconds. The machine had some difficulties, particu-
larly in the high speed copying camera, so that my group
at the National Bureau of Standards made some modifications
on it. That part works quite well. There are still parts
that are giving trouble.

The Department of Agriculture, who has the machine
now, does not have very much money for this sort of operation,
not being a military agency. 1If one could get a military
ager.cy to support it, the work could be done at a much higher
level.

My group has twc kinds of program3a. Most of the
work is for the military, and a small) amount {23 for the
civilizn agencies. The difference in cost for a comparable
item, depending cn whether it 1is being built for the mili
tary or civilian agency, is about 10 to 1. The difference
in the rate of completion ic about 2 to 1. I wish it
veren't so, but this 1is the way it happens to work out. You
can do the sam. job for a civilian agency, which gives you
all the time in the world, and doesn't put any low tempera-
ture specifications on, in about twice the time, and for one-
tenth the money. In the military development program the
lowest priority we have is "“crash” and the highest priority
is "incandesence."
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Now to get back to facsimile data ctorage de-
vices. Another machine is now being built by Yale
University for one cof the intelligence agencies. This
will also scan Micrcfile mechanically. We are bullding
at the Zureau, a machine that reads tyve. My little gix
vear old daughter does it very much better, but the
machine willl read, and we can apply this machine to the
reading of Microfile. The greatest advantage of such
machines, of course, is the tremendous amount of informa-
tion that one can photograph in two millionths of a
secend. In this timc onc can photograph several pages
of newspaper. This is a great deal of information --

I mean quantitatively, not necessarily qualitatively.
This type cof data extracting and recoraing cannot to-
day be duplicated by any other means.

The otner type of data is the kind you are
concerned with here today, and that is the type of dat
one can convert into some kind of a ccde. We can express
this data as a number or as a series of dots and dashes,
etc. This type of information has the particular virtue
that 1t c2 . be sent electrically over a wire. 1If one
wants to st technical, one can say that this 1s also true
of pictur s. One can send them over a wire, also, by
scanning and using television techniques.

This approach is not too practical today, but may
be practical tomorrow. The information that can be coded
easily has tihe other great advantage that one can make a
duplicate of the information cleaner than the origiral.
This, of course, sounds like double talk. One cannot get
data that 1s lost -- that isn't there -- but you can at
least prcserve jts cleanliness if it is there. 1In other
words, every time you reproduce the data you can clean
it up.

You can generate local pulses so that if the in-
formation you obtain is getting a 1little noisy, if the
peaks are not even, one can regenerate them and make them
even and clean. This i3 quite impossible in photographic
reproduction. When one copies Microfile records, the
second copy is worse than the first, the third is worse
than the second, etc., and by the time one has copied 1t
five or six times, the information is gone as favr ag
machine reading is concerned. In any case, one can't
trust it too much any more.

Digital information can be reproduced an infinite
number of times, always checking to make sure that the
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copy 1s correct. As Dr. Cannon said, "There are tech.
niques b, which you can sec that the information is not only
clean, but that it is correct.” This, of course, is the
great advantage of diglital machilnes.

Now for the maciiines that store this sort of in-
formation. The earliest practical machines were those us-
ing the punched cards with which you are familiar. It may
be worthwhile at this point to remind you that this type
of machinery was cdeveloped by the Government, and picked up
by business. I would like to emphasize this because quite
often we near it said that we are competing with industry,
and we would like to assure them that this is not so. We
are just helping out. Maybe in individual cases, in a per-
sonal way, we are competing, but not as an overall program.
The punched card is a wonderful method of storing informa-
tion. It is of a binary type, that is, the information is
either "yes" or '"no," and this type of binary information
is particularly good for electronic computers. This 1s be-
cause most electronic computers depend cn vacuum tubes which
are quite poor in their ability to distinguish multiple states
and if onc had less than a binary system, one would mve no
3ystem at all.

Mathematicians tell us that binary arithmetic has
some very great a“’vantages. Frankly, I do not beliew a
word of this. I think the reasoi: the binary system ic be-
ing used is that the vacuum tube is such a poor device. If
vacuum tubes were ever developed to a point where they have
ten stable satates, or sixteen, I believe the mathematicians
would not use the binary system. Of course, these machines
are 8o fast that it makes little difference, at the present
time, as to what kind of arithmetic one uses. It is inter-
esting to note that the glamour boys of this industry, the
mathematical wizards, developed the computing parts much
faster than the accessory organs. The result of that is that
now everybody is desperately trying to devise input and out-
put mechanisms to match the fantastic speeds of the electronic
computing equipment.

There are several ways to store digital information:
One 18 to punch holes in cards as I mentioned previowsly;
another 18 to punch holes in magnetic material, except that
instead of punching a real hole, one records a little plus
or minus or a little negative or positive pole in the
material. You can take small iron cores and wind small coils
on them. By magnetizing the cores one can record a digit of
information because thre iron retains its magnetism. If one
has to record a great deal of information, one takes a sheet
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of magnetic material and puts a little coil over a small
area of this sheet, and records the material on a 1little
magnetic spot. The spots may be only 1/100 of an inch
by 1/100 of an inch. This magnetic material can be in
form of wires, sheets, various other shapes, discs, drums,
or anything you like, and the overall device can be quite
elegant. Drums are very popular because they are very
fast. They are cylinders perhaps ten inches or twelve
inches in diameter, and perhaps a foot long. You can
record on millions of these 1little areas and the magnetic
field can then be read, later, by putiing a small pickKup
¢cil near the drum. As the magnetic particle passes the
coil, it induces a slight amount of current in it, and
this i1s the output which can then be fed into a computer
or into another recording device.

The difficulties with these drums are, f{irst,
that they are very expensive; secondly, one must not con-
tact them bhecause if one does, one rubs the surface away.
The result of this is that one must have very high pre-
cision in the mechanical assembly. They are very diffi-
cult to use in a mcohile unit. If one tries to fly such
a drum you find that it is not only a magnetic recording
device, but also a gyroscope, and it wants to fly the
airplane in its own peculiar way. This gives rise to
all sorts of difficulties. One can, of course, put drums
in gimbals, so that if the carrier maneuvers, the drum
remains relatively still. I am sure that a2ny definjite
statement I make here will be wrong tomorrow. Someone
who doesn't know the difficulties, or who knows them
much better than I do will find an easy way out.

Magnetic recording on tape is very excellent,
and gives very high compactness to thc information, but
there 18 a fundamental trouble with tare. The use of
tape has rediscovered a lost art. In the old days, be-
fore books were invented, people ha‘. scrolls. The
heralds read the scrolls by turning the two reels in
their hands. The difficulty is that one has to unroll a
great deal of length to find a particular bit of informa-
tion, and if one happens to be looking for an item on
Page 1,300, or the equivalent of Page 1,000, one has to
go through a thcusand pages to get there.

So, people invented books. These, of course,
are scrolls chopped intc short sections. Here the great
advantage 18 that one can open the book at any place, if
one has reasonable intelligence, and firnd tne information
cne wants. The difficulty with books is that they do not
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lend themselves to mechanical handling. Such mechanical
devices have been built, for instance, for pianists, and
for people without hands, but the mechsnisms are comnli-
cated and certalinly not as reliable as one would wisa far
an autcomatic storage device.

We nave recently developed at the Bureau, a
machire which does read books without opening them. It is
done this way: One takes a large number of disks and puts
them together. I would like to have had the machine here,
rather than exnlain it, but in rifteen minutes one does not
have much time to do much exhibiting. If any of you wish
to visit the National Bureau of Standards, we would be more
than happy to show you the equipment.

Each of the stacked disks in our machine has a
notch cut out or it, like a pie section. The notches are ail
aligned in one straight iine. By turning any disk, one can
read both sides of it by looking through the notches of the
other disks. This is as if a book were made of round pages
pivoted at the centers, so arranged that each page could te
independently turned. The first machine 1s .aow being finished
by one of our contractors. It will store about a billicn
dig’*s and will have an access time of less than half a second.
This type of machine 1s called a Random Access Memory.

Magnetic information is very elegant, not only be-
cause of its compactness, say 10,000 dots to a syuare irch,
out also because one can erase the information very casily,
and reinsert it at any time. This, of course, has its diffi-
culties. Some types of information one does not wish to e.ase,
I am sure if you were keeping permanent records, you would
worry about this. We worry about it too. It is not so dad,
however, {f one takes special precautions, such as duplicating
the records, having proper interlocks in the equipmeni, etc.

Magnetic information i8 quite permanent. If one
does not put exactly the right type of demagnetizing magnetic
fields on it, which 18 rather difficult to do, and if one
does not heat it to a very high temperature, the records should
lact indefinitely. There are magnctic instruments in the wcrld
today that have not changed more than ore or two per cent in
the last fifty years. The safety from fire is no worse than
one would expect from paper iirformation, perhaps better. By the
time the magnetism 13 destroy-d, th2 base on which the magnetic
material 1s deposited is usually destroved also.

There are many other ways of storing information.

The wire is excellent, permanent, but rather slow in access
time.
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Another way of classifying these information
stcrage devices, perhaps, is to differentiate between those
where the information must be permanently stored and those
where the device 13 conly used as a temporary memory, that
1s, as a scratch pad, where the information is only re-
quired for a few moments of time. One of these devices
1s the acoustic delay line. It is a tube of mercury about
two feet long, through which a series of sound pulses is
transmitted. Actually the word "sound' 1s somewhat mis-
leading. The pulses are of megacycle rates. An input de-
vice sends a pulse into the mercury and at the other end
a microphonc picks it up, then the signal 1s fed vack
through an ampiificr, ack to the input so that the device
‘chases its own tall" until you are ready to take the in-
formation out. If one shuts off the amplifier, the infor-
mation dies in a single pass: if one wants to read it, one
connects to the circuit and the information runs out on
the connected wire. One can interrupt the circuit for a
short time and thus erase a part of the information and

theni insert new information in 1ts place.

The cathode ray tube can also be used for storage
of information. The information is put on as smail dots
on the face of the tube and electrical capacity can be
made use of to keep the information there for a short
time. Thne material can be regenerated and kept on the
face of the tube indefinitely; that is, as long as the
pover in the circultry stays alive.

The beauty of this device is the very high speed
with which the information can be placed on the face of
the tube, or read out. Also, cny bit of information can
be rcached directly without having to go through a long
process as is done in the case of wire, tape, drums, etc.
This type of storags is particularly good for temporary,
working, type of memory, usually inside a computer. It
is, of course, unsuitable for permanent storage.

An entirely new kind of data memory is now beirg
developed. It makes use of the spin of electrons in a
solid or liquid material. I am not a physicist, and do
not know exactly how these devices work, but it seems that
the electrons are spi.aning and really are gyroscopes, So
that if one applies an external field, these gyroscopes
can he made to precess. This precession, and the rates
at which the precession i5 developed and decays, can be
made use of to record information. The information is
fed in as a series of pulses and at some time later the
series of pulses come back, cut of the device, and then
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can be reinserted and regenerated indefinitely. The beauty
of the device is that it has no moving parts, in trie usual
sense of the word, and is extremely compact and fast.

There is no doubt that in the near future thesc
will be working gadgets. Other memories are also being
built such as electrostatic devices, where the information
13 recorded capacitatively on barium titanate and other
materials. This deveiopment looks very promising and should
result in inexpensive, very compact storage devices which
can record information permanently.

Most of the high speed devices require very com-
plicated electronic circuits to feed the information in ard
out. The magnetic devices are relatively simple, but require
more mechanics.

I believe that the above gives you some sort of a
picture of the field of recording of information. 1 am sure
I have confused some of you. It goes without saying that all
the remarks you have heard about computers not being too ce -
pendable, apply to memory devices as well. We hope that
as experience 1s gained and the devices pass from the labora-
tory to the engineering and finally to the productior engineer-
ing stages, these difficulties will be overcome and the gadgets
will be as gocd as things like typewriters, for instance. It
takes more than two or three years to get industrial experience
and in perhaps ten to iwenty years all of you will be able to
go out and buy conventional, commercial equipment of this type.
Certainly it appears that the dependability of the data will
be as good as it is in typed or handwritten methods used today.

It 18 our experience in Ordnance, that the human
factor 1s much more important in the question of dependability
than the matter of machine design. I could tell you fantastic
tales about the cases where intelligent people have made the
most stupid errors. Machinery is8 quite dependable. It is
our philosophy, at least in ordnance, that we would rather
trust the machine than the operators. So that we believe that
the computers with all their faults, if they are provided with
some built-in checking equipments, will be far better from the
ooint of view of dependability, than the operations that we
ire performing today.

I have discussed some of the operations of inven-
cory control with people of industry, people from QGeneral
lotors and Sears Roebuck, and it appears that a great deal of
hand labor 1s now used in these operations and the resnlts
are far from satisfactory. The errors are quite frequent,
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and sometimes can be very large. We hope and bellieve
that the machines now being buvilt, because of their
phenomenal speeds, which enable you to sacrifice some
speed in exchange for checking time, will eventually
store information much more dependably than anything
we employ today.
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DIGITAL INPUT AND OUTPET CEVICES FOR AUTOMATIC COMPUTERS
by
selson M, Biachman

There seem to be about 15 different types of digital input and
output devices for use with automatic computers. One of them, the key-
board, is good only ror input. Four types can be used for either input
or output, so that they can alcc be used for slow-access, large-capdcity
storage. These four are: Punched cards, punched paper tape, magnetic
tape, and magnetic wire. The other 10 types, gocd only for cutput, are
all printers, .

A high-speed computer doing a problem involving any considerable
amount of input or output is operating efficiently only if it is equipped
with high-speed input and output equipment, PUNCHED CARDS are fairly fast
they are usually punched at the rate of about 2 a second, that is, about
150 alphabetic or numeric characters a second. They are read at the rate
of 2} cards a second on standard equipment, that is, 200 alphameric char-
acters a second, but there are special card readers that go L times that
fast, Punched cards have the advantage of being widely used, easily
sorted, easily altered by replacement with a new card, and they can be
read visually if necessary.

PAPER TAPEs are slow, Tapes from S to 7 holes wide, are read
and punched on standard equipment at the rate of only 8 frames or char-
acters a second, tut special equipment can handle paper tape at 60 frames
a second, Also, there are cormercially available photoelectric tape
readers able to read 200 frames a second which can start and stop the
paper without missing a frame, Like punched cards, paper tapes can be
read visually, but they are not easy to alter. Orce infomation is put
on a tape, it can't get shuffled around--which may be an advantage or
disadvantage. runched paper tape seems to be the most universal input
and output medium for automatic digital computers, expecially for the
simpler ones,

MAGMETIC TAPE is often divided up into 6 to 8 tracks, with
pulses in each track recorded at 50 to 100 per inch., These tapes are
usually run at 30 to 100 inches a second, so that something of the order
of 2000 characters are handled ner second, Magnetic tazpe is capable of
much higher spreds and storage densities than punched cards or paper
tapes, It can't be read visually, but any part of it can be erased and
rexsed many times,

MAGNETIC WIRE is equivalient to single-track magnetic tape. At
the Bureau of Stardards, wire car¢~:272s intunded for office use are run
at 8 feet a secorc with 50 pulses to the inch, that is, with 5000 pulses
or about 1000 chcracters a second, but I'm told that speeds a dozen times
that fast are practical, Since the wire is very thin, extremely high
storage densities are obtained--up to 4 million bits per cubic inch, But
a cartridge of magnetic wire will store only abouut 200,000 characters,
while a reel of magnetic tape usually stores several times as much,
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Having considered the 4 input.output devices, we may go on to
the rapidly developing field of printers for computer output, PRINTERS
may be classified as mechanical, electrical, or electronic, Among the
MECHANICAL PRINTERS we have first the solenoid-operzted typewriter,
which is standard equipment on most computers, and the solenoid-operated
adding machine, which can handle up to abcut 15 characters a second.
Then there is the accounting machine, such as the IBM LO7, which prints
23 lines a second of 120 characters each, that is, 300 characters a
second, The accounting machine works like the adding machine except
that it has more columnsg, and the type is on rotating wheels rather
than on straight bars, Next there are "on-the-fly" printers, which
come in two varieties,

In one variety, made by ANelex and Shepard, there is the
equivalent of a set of wheels as in the LO7 printer, but all of the
wheels rotate continuously and in unison, Instead of the wheels being
struck against the paper, hammers behind the paper--one for each column
to be printed--push the paper against the ribbon and wheel at the instant
when the desired character is passing by, Characters are printed in
different colunns at different instants instead of being printed simul-
taneously as in U407, and it is impcrtant that the paper should not move
during the printing of a line of information., The problem of getting
the paper to move quickly and stop quickly is one of the principal
difficulties in developing high-speed printers. It is alsc one of the
chief difficulties with magnetic tapes and wires,

The ANelex and Shepard prirnters, sometimes called "wheel
printers", are able to print 1S to 20 lines a second, each having 40
to % characters, that is, about 800 characters per secord., Another
problem presented by printers handling a line more or less all at once
is the necessity of storing a whole line's worth of infomation so that
the printer can act on it simultaneously. These "wheel - type’printers
are sold without any storage, and the user must supply one,

The other type of “"on~the-fly" printer is represented by the
Potter Flying Typewriter. Instead >f using a separate wheel for each
columi, it uses a single, large wheel that rotates about a vertical
axis, so that each of the up to 64 different characters on the edge of
the wheel passes every position in the line to be printed in the course
of one revolution. A hammer behind each of the £C column positions
strikes the paper against the ribbon and wheel as the desired character
passes by. In its present form, the printer is operated at 5 lines a
second, that is, 40O characters a second, The intricate timing problems
are splved by the use of 89 binary electronic counters, which are also
used as a shifting register to receive and store the information to be
printed,

The fourth and last type of mechanical printer is the "matrix-
type printer," which forms characters by a selection of dots from an
array of, usually, 5 dots by 7. Tue dots are made by the pressure of
thin viires or "styli" against a carbon ribbon. The styli can be actuated
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up to 20CO times a secoind, so that they are capable of extrcmely high
printing speeds, but the Eastman Kodak printer prints only a fifth of

a characterat a time (one column of dots), so that the speed of one
printing assembly is only 3 or L hundred characters a second. In print-
ing addresses, L assemblies are used to print the L lines of an address
at the same time, though, quadripling the speed.

The Control Instrument Co, version of the matrix printer has
36 assemblies of 35 wires each, so that it can print a line of 36 char-
acters all at once, but its speed is apparently liri.ted by the paper-
motion problem of 15 lines a second, These matrix-iype printers require
a lot of electronics to select the proper styli; and the crowding of all
the styli into a small space has taken a good deal of ingenuity,

ELECTRICAL PRINTERS. The Atomic Instrument Co, has developed
a printer that records 500 three-digit rnumbers a second on a continuously
moving strip of Teledeltos paper., Each digit is formed by a selection of
dots from a 3 x § array; a set of tungsten wires is made to spark through
the gray Teledeltos paper, revealing the black irner layer., Improved
models of this printer are supposed to use bigger arrays go that a greater
variety of characters can be produced, and a larger mumber of columns--up
to the width of a page,

The Hogan.Laboratories and Austin Co, have proposed digital
recorders using special types of paper that are marked by the passage of
an electric current, but they have apparently not yet Luilt these devices,

General Electric has been working on a gystem called "Ferroe-
magnetography." This system resembles somewhat the wheel-type printer,
but the hammers are replaced by electromagnets which put magnetic images
of the characters on a wide magnetizable tape. The tape is passed through
a suspension of magnhetic particles, which adrere to the magnetized regions
and are then transferred to the paper, iAdditional copies can be made by
passing the still magnetized tape through the suspension again, or it can
be demagnetized for the printing of new information., An crperimental
nodel of this printer is capable of LO lines a second, and a linc width of
120 characters is proposed, but the paper-motion problem has not been
considered,

ELECTRONIC PRINTERS, [Lngineering Research Associates has built
an experimertal model of a '"Magnetic Numeroscope Printer," which uses
magnetic drums on which are permanently recorded the signals necessary to
make the beam of a cathode-ray tube write the decimal digits on its
screen, Additional deflection voltages place these digits on the proper
part of the screen so that 100 characters can be written on a line, 5
times a second, a microfilming camera is used to record the images.
Improvements contemplated in the llumeroscope Printer would increase its
speed fram S00 characters a second to 8000 and would ailow 4O different
characters,

At the Naval Research Laboratory, a display device has been
devised using a monoscope to control the formation of sexadecimal digits
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on the display tube, The cathode-ray heams in the monoscope and display
tubes are made to scan, respectively, the desired digit and the part of

the screen where it is tc appear, The monoscope electroae controls the

beam current in the display tube,

Consnlidated Wltee is developing a special type of cathode-
ray tube called the "Charactron," vnich has iwo sets of deflection
electrodes, Between the two sets is a plate stenciled with up to 64
different characters, The first set of deflection electrodes causes
the beam to pass through the desired hole, giving it the shape of the
character to be displayed; the second set deflects the beam to the
position on the screen where this character is to appear, The Charactron
is supposed to have a gpeed of about 10,000 characters a second. Record-
ing may be accomplished by the use of "Xerography," which uses electro-
static forces in much the same way that magnetography uses magnetic,

The light from the Charactron screen, focused on the surface of a charged
xerographic drum, would discharge the areas where it fell, These areas
would be able to pick up particles fram a suspension and transfer them to
paper, to which they would be fixed by momentary heating.

The Wang Laboratory and Laboratory for Electronics in Boston
have developed a cathode-ray display with a speed of 12,000 characters
a second, It ugses a 7 x 8 array of magnetic cores through which is
threaded one wire for each different character, in the shape of that
character, One wire is selected every 80 micro-seconds to control the
beam current in the display tube, The cores are pulsed sequentially
as the beam scans the area where the character is to appear. A model
of this device is workirg, with input from a 1l0-column keyboard, Since
it is intended only for display, nothing is being done about recording
its output. A similar device using a complicated diode switching net-
work in place of the magnetic-core array is in use on 2 computer in
Paris, 1Its speed is also 12,000 dizits a second, and its cutput is
recorded photographically on 35-mm film, These electronic printers
are so fast that they raise Lhe question of what to do with all the
output, '

This covers the 15 types of input and output devices I know
of, 1lt.Rossheim deserves credat for gathering much of the information
I've presented, He and I have written a report on "High-Speed Printers
for Digital~Computer Cutput" for the Office of Naval Research, There
are a few copies left which are available to those of you who may need
them,




SUWMARY OF GENERAL DISCUSSION ON
PAPERS BY CANNON, RABINOV, AND BLACHMAN

Dr. C. B. Tompkins commented that not all scientific research
nor all engineering development is of a casual, experimental nature,

In the development of computing machinery some people have applied their
ingenuity to making very fast machines, others to building reliable <nes.
with more or lers pre-iciablc results, Business machine manufacturers
in general--Bell Telephone Laboratorlics, Internetional Business Machines,
and lational Cash Regicter, for example--have built reliable equipment,
which they predicted would be reliatie. Dr, Carnont's point was that in
same problems, we have to picl relis»ility in lieu of speed, if we
carnot have both featurec in the same device,

Mr. Rabtinow stated that not a casuzl approach to design but
rather the infancy of the art of compurter developr:ent is the factor
responsible for the limited reliability of the highespeed computer.
Manufacturers of busiress computing deviccs, on the other hznd, have

had long years of experience and their new equipment is often excellent.




A DESCRIPTION OF THE LOGISTICS COMPUTER
BY
Lt. R. J. Rossheir, USKR
Office of Naval Research, Logistics Branch

On February 17, 1953, there was delivered to the George
Wlashington University logistics Research Project a special purpose
electronic computing machine named the Logistics Computer. It was
built under nontract vith the Lopgistics Branch of the Office of Naval
Research by the Lngineering Recsearch Assoclates Division of Remington
Rand. The primary reason for its construction is to assist rescarch in
the science of lopistics by providing an instrument for rapid and effec-
tive data-handling and computation. This paper will trace the history and
development of the computer, and describe the equipment and its operation
in general terms. The description 1is i1ntended to suggest some of the
uses to which the computer may be put, and later todav Mr. Wolf of the
Logistics Research Project will describe in some detail a particular
apnlication of the computer.

In accordance with an assigned mission of the loristics Research
Project to explore the use of modern high-speed data-handling and
computing technique. in logistic applications, the general spacifications
for a machine designed to perform appropriate operations were {irst
formally set down at thc end of 1950. A paper prepar-1i by or. C. B.
Tompkins, then Principal Investigator of the Logistic . Research Project,
supgested in some detail the possible design o1 a pr totype logistics
computer and the hardware components which night be .5ed in it.

All of the Navy Bureaus, the Marine Corps, and other interested
supply people were approached and were asked to express their opinions on
the utility of the proposed equipment. They were also asked to describe
any of their problems ::hich required considerable data-handling and
computation. Some of the problems were analyzed in sufficient detail by
members of the Logistics lesearch Project to yield some nquantitative
fipures describine the efficacy of the hypothetical computer. I should
like to discuss very briefly the characteristics of these problems which
led directly to the creation of the Logistics Computer.

an Inventory Control Problem of the Aviation Supply Office (Fig.l)
involve. the use of planning information, usage factors, and inventory
reports to calculate net iten requirements for each of SO supply bases.
The computation invelved is basically one of accunulating gross require-
nents of items by 'altiplying planncd aciivity levels by the item usage
factors. For example, if Y0 engine overhauls were¢ scheduled, then the
itemwise usare factor list indicating the requirenents for parts to
accomplish one overhaul would be multiplied, iten by item, by SO. The
requirements renerated by this one activity would then be added to
previously accumulated re-.uirements, and this proccss continued until all
planned activities had been considered. UGross requirements thus comnputed
would be subtracted from inventory levels, iten by item, to determine net
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requirenents and to initiate purchases or, nerhaps, to revise the
activity levels.

An Advanced Base Critical Item Problem, (Fig. 2 ) based on the
requirements for critical items, involves making a logistic feasibility
test of a plan for advanced base development. Planning data, consisting
of numbers of advanced bases of different types sciheduled over a pcriod
of time, are arpliec apainst allowance lists of critical items (which
may also involve time in the form of procurement lead times). The basic
computation is again onc of multiplving the appropriate alliswance list by
a planning number, accwnulating gross requirements of specific items at
specific times, With the total itemwise, time-phased demand thus stated,
there remains tor consideration the supply picture to test the lopistic
acceptability of the plan. If it is shown that the plan is not acceptable--
that certain critical items can not be available at the proper time--the
plan must be tailored or =nodified by eliminating or delaying one or more
bases and recomputing the reauirements,

Ordnance Supply Office Spare Parts Requirements Problem
is to stock an overseas base with ordnance spares sufficient to support
a given naval force. S:tartin: with a specified wroup of ships, the
population of —aiur ordrance c~uipments is computed. Major items are
then broken down into r:rlenichable components or items, and the sums
of these itens in the euntire fcrce are conputed., Usage factors ars then
applied, item by ite, to these totals resulting in the nunders of
replacenents expected t» be nceded by the :.aval force over a s.c¢cif.ed
reriod of time. This, then, is a three-level treakdown connutation
invnlving multiplication and addition to pass from one level to the next
lower, and finally a multiplication of usare factor times total quantity
of items, for cach different item in the population, to find replacement
requirenents,

tach of the prohlems referred to was attacked by using the
hypothetical lopiztics computar, ©Data prenaration and computational
procedures were deccribed in precise detail and time estimates for
solution, based upon a realistic quantitative analysis, were made.

I would like to emphasize the principal computational asvects
of ihese problems so that you may unders“and t.- reacons fo. the spccial
features of the co~puter. IL must be imiediatelv amparont that a major
consideration is ithe mere handling of the tremerdous ¢rantitias of data
necessary to solve these problems on the rcquired level of detail,
Dependinpg on the problem, thousands, tens of thousands, or hundreds of
thousands of different items must be acconnted for, and very often thcre
are nultiple entrivs to be made for a single iten. Another clearly
indicated aspect which is common to these problems is that in each case
there are millions of data transfers and basic arithmetic operations,
but on any sinple unit of data there are relatively few operations.
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Moreover, they are straightforward and simple. It is the difference

between multiplying one pair of numvers and 100,000 pairs that is
inportant.

The inventory operation points up the need for a largec, easily
accessible file or central information storage system which contains at
all times the current stock levels of all the items in the system. In
addition to pure size, since we can not normally forecast the order in
which item transactions will occur, it would be most convenient to be
able to search out quickly and at any time information about any item in
the system. ostated in computler lingo, we would like a rapid arbitrary
access storage device in which any selected unit of information may be
modified without affecting any other information in the systen,

+hat about the arithmetic properties of the machine? It is
clear that addition, subtraction, and multiplication are the operations
repeatedly called for, and division doc¢: not seem to be justified. It
has been pointed out that the basic operations of the computer would
normally be combined in relatively short, sinple sequences, and that
precisely the same sejquence ol operations would be performed on each
successive unit of data. Thesc considerations havc largely determined
the desirn of the arithmetic and control units of the computer.

After satisfactory completion of the initial phases of the
analysis which I have described, a contract was let by the Office of
Naval Research to perform research and t~ ranstruct a prototype Logistics
Computer. It was intended that the contract should run approximately
1% years, startinc on the first of March 19S1. It consisted of four
phiases:

Phase I included investigation by the manufacturer of the
logistics problens mentioned earlier., At the end of this phase the
computer specifications were determined jointiy Ly the Office of HNaval
Mesearch, the Logistics Research Project, and Engineering Research
Aagociates,

Phase II consisted of research and development of hardware
which resulted in 8 breadboard model of the computer. It might be noted
here that it was during this phase that continued problem analysis by
the Lonzistics Research Project and logical design analysis by the manu-
facturer's enrineers led to some changes resulting in additional flex-
ibility in the operation of the computer. The flexibility, it was
decided, was desirable in a prototype equipment to be used for research.
Subsequent models intended for routine operational applications might not
require all the features of the prototype machine and would, therefore,
be scaled down in size and complcxity.

Phase III covered the construction of a working model of the
computer,
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Phase IV of the contract provided a period for operational
testing prior to acceptance. It was compicted in rebruary 1953 and the
Logistics Computer is being operated by the Loristics Research Project.
The computer has the fcllowing peneral features:

1., It is designed to read at high speed and tn process large
quantities of decinal data previously punched on standard teletype paper
tape. The computer is unusual in that normal operation provides for
simul taneous data input and computation.

2. The computer is capable of performing one or two sequences
of simple data-handling and arithmetic operations on each unit of data as
it is read into the computer.

3. iAn information storape unit internal to the computer will
retain up to 160,000 decimal digits. These numnbers may be initial data
to be processed, intermcdiate results, or final results before they are
taken out of the machine. The means of referring to any of these digite
is casy and juick. Access to any number in the systea is practical and
efficient and there is no nced to consider the order of reference,

L. Maximum reliability of operation has been consistenlly
emphasized in the construction of the machire., Tt has been understood
by all concerned that the usefulness of such a computing equipment is
based upon complete reliability. Wherever possible, computer component
tvpes have been chosen which have been successfully tested and used on
other equipments,

Both the setting up or programming of the computer, and its
operation are intendcd to be simple and straightforward, so that a smnall
amount of training will prepare people to use the machine. It is my
belief that the people who now supervise the manual or punched card pro-
cedures in activities rerfoming the operations for which the Logistics
Computer is suited, could easily learn to use the computer,

In addition, from the start it has been visualized that the
computer mnipght be the heart of an extensive data-processing system,
‘tecalling the .viation Supply Office problem, earlier described, in which
computations for S0 widespread activities were tn be carried out at some
central centrol point, we are reminded that il is necessary for the com-
puter to have communication with all its data sources, With this in mind,
punched paper tape compatible with standard teletype gear was sclected as
the medium of communicat.on between the computcr and the outside world,

. The Logistics Computer, (Ffig. 3) like all large-scale computers,
may be divided into three basic sections--the input section, the camputing
section (including arithaetic, control, and storage units) and the sutput
section. ‘[he computing units basically handle information in pulse form,
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permitting operations at electronic speeds. The input system must werk
with a mediun capavle of performing the conversion between human speeds
and computer speeds. The output section must effect the opposite con-
version, making the results intelligible t» the user.

In this computer the medium presently being used to communicate
data into and out of the machine is standard Teletype punched paper tape,
A photo-electric tape reader is used to convert the information, punched
in the tape, to pulse form in the computer. The reader is capable of
sensing 300 lines of tape per second, and each line contains a decimal
digit,

Numcrical dava and contrcl signals are sent from the¢ reader (o
the arithmetic and control units. .s soon as a unit of data is trans-
mitted tc the central compuler, a sequence of operations is initiated by
the control unit, These operations will include additions, subtractions,
~ultiniications, data transfers, and others -- all of which are performed
on numbers temporarily stored in the arithmetic section, and under super-
vision of the control unit. The order of speed of these operations is
indicated by the fact that single digit additions (i.e., 2 £ 3 = S) can
be performed at the rate of 30,000 to L0,000 per second. Multiplicatiors
of two six-digit aumbers are pcrformed at 100 per second. Closely. .
associated with the arithmetic and control sections is tre large internal
storage unit, a magnetic drum capable of storing 160,000 decim.l digits.
Suring a sequence of operations on a unit ot data, reference to this
central file may be made to read out previous results, or to store inter-
mediate and final results., Up to 60 of these references to storage may
be made per sccond without regard to the order in the file in which the
refercnces are made, Once the selected position in the storage is
located, decimal dirits are transferred at the rate of 220,000 per second.

When the point in the processing is reached at which it is
desired to convert answers stored in the computer to punched tape, this
is performed by a standard electro-mechanical %tape punch at 10 digits per
second. The punched tape may then be intervreted by using it to control
a decoding, standard electric typewriter at L to 8 characters per second,

The magnetic tape equipment, currently under development but
not yet in use with the computer, will serve twc major functions. In
situations re~uiring the recordins of thousands of answers, the speed
advantage it has aver mcchaniczl punching (60 to 1) affords a consider=
able time saving. The second function is that of a semi-permanent, large
capacity storage external to the computer. ror instance, an inventory
which has just bcen brourht up-to-date and stored uvn the drum, may be read
out onto .nagnetic tape at hirh speed, thus freeing thc computer for other
operations. We expcct that a complete drum load ot 25,000 numbers will
be read out onto marnetic tape in 15 minutes,

Plg. L will indicate to a certain oxtcnt what is inside the
tlocks described above and how the units are tied together.

.
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The photoclectric tape reader senses tape continuously, trans-
mitting the data into the Input Register. There, each unit of data is
assembled and when the computer signals that it is ready, the data is
3quirted out o thc buffer storare Input Register at hish speed into the
clectronic repisters of the arithaetic section. sach unit of data may
have two parts -- a five digit number which automutically is sent to the
‘ddress Register, and a six dipit number which goes into the Multiplicand
RNegister. The number in the Address Register may be identified with a
particular item in the problcm. It is assipned also as reference to a
particular location in the storage, since the computer storage system
breaks down the five dipit number in the address Register to select onie
~{ the fifty channels alonf the axis of the drum, and to sclect one
location around the periphery in the chosen channel,

The feyboard provides a means for manual insertion into the
arithmetic registers of numbers which are used initially in a computation
or which remain constant during it.

The flow of information through the computer is indicated by
the arrows (Fir. hi). All operations are serial with respect to decimal
digits. The electronic registers are oi various lengths, one $ digit,
two 6 digit, and two 12 digit, The number in any cne cf them may be
copied out onto the main bus (the oripinal number remains in the register,
shifting circularly). Numbers may be transferred normally, or trans-
ferred with change of sirn; they may be added, subtracted, nultiplied, or
stored. any register may also be made to receive the results of an
operation.

Some specifications of the magnetic drua storage system mavy be
of interest. It is a cast aluminum cylinder 8% inches in diameter and
1L inches long. Its surface is treated with a ferro-mapnetic material
capable of permanently recording the numbers handled by the computer,
The effective density of the informnation around the drum is about 120
pulses per inch based on the non-return-to-zero svstem., Both recording
and readinr are performed by the sanc dual-purpose head which controls
the information in thc channel passing beneath it durinz rotation cf the
drum. A magnetization pattern, representins a number, will remain on the
drum indefinitely, or until another pattern is recorded over it. A
number may oe copied off the drum tine and time apain.

Storagc locations for decimal riwnbers may vary in size from |
to 12 decimal digits inclnsive, although only cne number length nay be
specified on the drum at a tine. etween 13,000 and 31,000 numbers may
be stored simultaneously on the drum surface, depending ca the number
length selected,

-6~
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The Operations Counter 1S a decimal counter which may be
stepped up one count at a time., ..ssociated with thc counter is a machine
instruction which permits repetition of a sequence of operatisns a cer-
tain number of times, after which another different se~uence nay be
performed.

The output pates are used to synchronize the crawliing speed of
the tape punch witl. the lightning speed of the computer.

The reclationships between all of these units during a partic-
ular caleculation is pra-deteruined by the wiring of a programming plug-
board sinilar to those used in office accounting machines. Sequences of
instructions to the computer are wired on the plugboard prior to running
a problen. The plurboard may be inserted into the machine in a matter
of seconds. 4 set of standard plugboards which instruct the computer
to perforn recurrent operations may be permanently wired so that they
may be ready for usc at any time. ilew plupboards to perform unusual
operations can be wired in from 10 minutes to an hour dependin¢ on their
complexity.

A typical instruction consist nf i parts called commands, each
represented on the plugboard by a sinple wire. For exarple, to transfer
a € dipgit number from tine Multiplier Register to the dru~ rejuires the
following 4 command wires: One to Multiplier Register ilead Jut Transfer;
one to Drum Read In; one to the operation Normal Transfer; and one to
cycle length 6 indicating the nunber of decimal digits.

I would like now to demonstrate how these units are tied
together under typical operating conditions:

Let us suppose, for example, tnat we have a simplified version
of the critical iten proble: nentioned before, (Fig 2). We want to know
the logistic acceptability of a certain plan involving numbers of various
orzanizational units., 'lith each organizational unit is associated an
allowance list containine the quantities of critical items necessary to
outfit the unit., Before we perform the computation, the data comprising
each allowance list must be punched on a paper tape. Each unit of data
on the tape describes the quantity of a specific critical item needed for
the organizational unit. The tape contains an item identificailon number
and the quantity needed. Where simiiar critical items appear on other
allowance list tanes, they must be tagged with the same identification
munber,

These tapes, one for e€ach organization, contain relatively
[ixed information and recpresent a basic file of allowance lists. Of
course, they may be periodically brought up-to-date. The tapes may be
punched menually using a tape punch with a keyboard similar to, but
simpler than, an accounting machine card punch, or, if the allowance
lists already exist on punched cards, tapes may Le punched automatically
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by a card-to-tape converter which operates at the raie oi 10 Jigits per
second, punching decimal codes on paper tape.

Given these allowance list tapes, and a knowledge »{ the compu-
tation involved, the next step is to preparc a programming plugboard which
will be plugped into the computer to select and to control the sequence
of operations in this particular computation. Let us review the data-
processing operations in terms of computer instructions.

Let us say that our plan calls for the outfitting of S Type A
organizational units. hat we will do 1s feed the allowance list tape
for lype A into the computer, multiply 2 single unit of data hy S and add
the resulting product to the amount of that particular critical item
already required for units previously considered. We will then store on
the magnetic storage drum the current total reguirement, and proceed to
the next number f{rcn the tape.

+Ss each unit of data is read from the tape into the computer,
the item number is automatically transferred to the Address Regicter
wnich controls the point of access to the storape drum. Ve have selected
and assipned these item numbers with some thought 50 that the arrangement
of the data on the drum is consistent with the operation of the storage
system. The item nunber prepares thc computer tc reach into its memory
end copy out the quantity of the desired critical item required by
preceding tape runs. The first instruction on the programming plugboard
is to transfer the previous requirement from the storage drum to one of
tne arithmetic registers where the computer is able to work on it. The
other part of the unit of dats from the tape reprcscnting the amount ol
the item in -questiion in Type A unit is automatically placed in another
aritlmetic repister.

3ince we want Lo multiply by five every item on this allowance
list tape, we may manually insert intn a third register (using tre key-
bnard) the number five, before the tape is run into the nachine, The
second step in the sequence of computer operations is to multiply S times
the nuantity from the tape and to add the product to thc previous require-
ment3, The third step is to transfer the ncwly computed total back to
storage.

The identical 1, 2, 3 sequence of "read fron storape, compute,
and return to storage" is repeated {or each itema on thc tape as it is
read into the computer at the rate of 25 urit: oi data per second,

When a complete tape has heen read, the computer pauses while
a new multiplier for orranization Type B is manually inserted, and the
B aliowance list tape is placed in the photoelectric reader.

.{fter 2l) tapes have been run, the storage drumn h:as recorded
on its surface the pross requirements of all critical ite-=s demanded by
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the plan, An inventory tape may then be run into the computer to cal-
culate net requireanenis. It micht then be decirable to punch cut a tape
indicating all critical items which would be depleted by the plan under
consideration. Tailoring of tne oririnal plan may then proceed, using
thc information on the drum and running in selected allowance list tapes
with different multipliers than originally planned.

It is evident, I think, from the description of the computer,
that we are and will continue to be faced with proolems involving the
preparation and input of data, and olner problems involving the output,
printinr and disscmination of resulting data.

At precsent we have nanual methods of punching tape limited by
ti.e dexterity of the hurman operator; and we have automatic means of
converting IB. cards to input tape for the computer. This is a standard
piece of IBM equipment limited in speed by the mechanical tape perfora-
tion process. nly throush multiplicity ot these tape preparztion units
can ue expect to prepare tapes fast cnough to keep the computer well fed.

The ~apretic tape equipment will, if it proves reliable and
satisfactery in cther respects, cnable us to relieve thc computer of its
highly uneconomical cho:e of punching tapes. vata nay te dumped at hirh
speeds on the naeretic tavec and at ary convenient time or place converted
to printed cony or to punched tape 1t nccessary, Magnetic tape will nro-
vids 2 medium which can feed any printer of reascnahbly hipgh speed. It
will also serve as a linitless external storage {or data which we may use
occasionally for short runs. It is aquite economical and compact, a 1200
foot reel bcecing capable of storing a complete drun load o! nw:bers. Jther
newly conceived »cthods of storage nay also be tied in with the computer.

hen and if the mapnetic tape equipment it in evervyday use, the
bottleneck will L~ the production of printed output. Present solutions
of this problem involve parallcling a few of the slower speed electric
tvpewriters, 'We are attemptins to Keep well informed about the develop-
ment znd prcduction of printinr equipment which will meet our require-
ments, I feel, after having seen some of thc current high speed printer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>